Summary: Recent studies have unveiled discrete blocklike structures of linkage disequilibrium (LD) in the human genome. We have developed a set of computer programs to analyze the block-like LD structures (haplotype blocks) based on haplotype data. Three definitions of haplotype block are supported, including minimal LD range, no historic recombination, and chromosome coverage. Tagged SNPs that uniquely distinguish common haplotypes are identified. A greedy algorithm was used to improve the efficiency. Two separate utilities were also provided to assist visual inspection of haplotype block structure and pattern of linkage disequilibrium. Availability: A web interface for the HaploBlockFinder is available at
Several recent studies (Reich et al., 2001; Patil et al., 2001; Daly et al., 2001; Jeffreys et al., 2001; Grabriel et al., 2002; Dawson et al., 2002) have revealed the genomewide pattern of LD may be arranged into block-like structures with regions of low haplotype diversity separated by those having rapid LD decay. With the existence of such patterns, conducting genome-wide association mapping studies could be much easier than it used to be based on single marker (Goldstein, 2001) . Constructing a genome-wide reference map of LD has become the next logical step of the human genome project. Identification of haplotype block structure from haplotype data is a key step in the LD reference map project. Several algorithms have been proposed for the block identification, including the hidden Markov model (Daly et al., 2001) , the greedy algorithm (Patil et al., 2001) , and the dynamic programming-based algorithm Wang et al. (2002) . According to this definition, a block is a region without any historic recombination, which is examined by the four-gamete test. (1) evaluate all possible blocks within the target region to look for the largest block that meets the criteria; (2) mark the largest block as a 'true' block, and the rest of the target region is divided into two subregions (one if the 'true' block is on one end); (3) repeat the same procedure on the sub-regions recursively until all SNPs are assigned to blocks.
• Tagged SNPs are identified to uniquely distinguish common haplotypes. Three criteria are used to identify an optimal set of tagged SNPs within a block:
(1) a minimal set of SNPs that uniquely distinguishes a certain percentage of common haplotypes (or all haplotypes); (2) max(min(r 2 )): to guarantee the maximum power of detecting linkage disequilibrium using tagged SNPs, the pair-wise LD measurement r 2 is calculated for all marker pairs between tagged SNPs and untagged SNPs. The lowest value min(r 2 ) indicates the sensitivity of detecting LD using tagged SNPs in the worst case. If more than one candidate sets meet criterion #1, the candidate set having maximal value of min(r 2 ) is selected; (3) position score: when more than one candidate sets meet both criterion #1 and #2, these sets are evaluated based on their position score. The rationale is that the two above criteria are based on the SNP markers typed in the target genomic region, and therefore the power of detecting LD on those loci that are not included in the study remains unknown. To reduce the chance of losing power on those loci, a set of htSNPs that are evenly spaced in the block region is preferred to one that clusters in a very small interval. A position score (Ps) is calculated for each candidate set as follow,
where X is the physical distance between each pair of adjacent tagged SNPs, L is the length of haplotype block defined by the first SNP and the last SNP in the block, n is the total number of SNPs in the block, m is the number of tagged SNPs, and Y 1 , Y t , Y n are the position of first SNP, tagged SNP and last SNP in the block respectively. A lower score means that the htSNP set covers a larger part of the target region and is closer to even distribution, which is preferably selected.
• Besides block information and statistics, haplotype blocks are also presented in a graphical diagram, in which common haplotypes are shown. The frequency of each common haplotype is also represented by its color. Four color schemes are provided. Another graphical diagram could be generated to compare haplotype block structure with the pattern of linkage disequilibrium.
• The code was written with ANSI C to handle large amount of data with high efficiency. As a result, it can analyze over 1000 haplotypes on at least 50 000 loci even running on a PC, or handle larger data sets after re-compilation for Unix servers.
As HaploBlockFinder is based on the greedy algorithm, an inherent limitation is that it does not guarantee that the haplotype blocks are globally optimal. However, the greedy algorithm is always regarded as a very effective method for optimization because the solution provided tends to be among the best few. In fact, a greedy algorithm has been applied to sequence alignment, which produces a theoretical optimal alignment as does the dynamic programming algorithm, but with a speed at least 10 times faster (Zhang et al., 2000) .
Another limitation of this program is that it can not recognize and correct genotyping error, which might lead to artifacts if some strict block definitions, such as 'No historic recombination', are used. Since genotyping error is usually rare, certain procedures can be developed for the detection. Coupling block identification program with haplotype inference program could further facilitate analysis procedure. As a matter of fact, HaploBlockFinder has been integrated in a genetic analysis platform (http: //archimedes.well.ox.ac.uk/pise/).
